we carried out a prospective study of all cases of sepsis of the hip in childhood at a South African regional hospital with a large local population, and which also took referrals from nine rural hospitals. The clinical, radiological, ultrasound and bacteriological features were assessed. All the hips were drained by arthrotomy and the diagnosis was confirmed microbiologically and histologically. Hips with tuberculosis were excluded. The children were reviewed in a dedicated clinic at a mean follow-up of 8.1 months (3 to 18).
The sequelae of sepsis of the hip in childhood have been well documented. Smith 1 is credited with the first description of this disease in 1874. The incidence has decreased markedly in the affluent developed world but remains common in poorer, less-developed countries.
The prognosis is associated with delay in treatment such as surgical decompression of the joint and administration of appropriate antibiotics. Many reported series have demonstrated the importance of early detection and treatment. [2] [3] [4] [5] [6] [7] [8] It is thought that adequate treatment within five days of the onset of symptoms can avert serious complications such as avascular necrosis and destruction of the hip. 2, 5 A retrospective review from Cape Town of 186 cases reported a complication rate of 9% for avascular necrosis and chondrolysis. 4 This was better than in most published reports and than in our experience. In the light of this, we undertook this study to document our rate of complications and to review the causes of delayed presentation. We hypothesised that socio-economic problems and access to healthcare facilities, as well as previous visits to traditional healers, may delay presentation.
Patients and Methods
A prospective study was carried out in a regional South African hospital which had a large local population and took referrals from nine rural hospitals. The projected population for the under-15-years age group in the total catchment area for 2006 was 548 753. 9 Patients presented via one of four routes: directly to the Accident and Emergency Department, referral from general practice, through primary health-care clinics led by a local nurse, or from one of the rural hospitals. Between September 2004 and December 2005 data were collected prospectively on all children under the age of 15 years presenting with their first episode of hip sepsis; those suffering from tuberculosis or transient synovitis were excluded. Data were collected from accompanying adults regarding the presenting complaint. Particular attention was paid to the time of the onset of symptoms and whether this was an ache, a mild limp or the recognition that a leg was not actively moving in an infant. Previous visits to health-care facilities including government, private medical and traditional sectors, and any treatment with antibiotics were also recorded. A socio-economic evaluation of each child was made by collecting data on house-hold numbers, employed family members and access to piped water in the family dwelling. The last has been reported as a sensitive discriminator in assessing deprivation in rural South Africa 10 and was combined with an indicator of employment and dependency. Family members who were contributing to the household income were included, even if they did not reside full time in the family dwelling. For the purpose of analysis, we divided our study group into the relatively 'deprived' and the 'non-deprived'. We defined those without piped water and with a ratio of employed members to fiscal dependents of less than 1:7 as 'deprived'.
The distance to the local primary health-care facility and maternal school attainment data were collected, noting the highest standard passed (1 to 10 where 10 is matriculation).
Measurement of a full blood count, white cell count, the erythrocyte sedimentation rate (ESR) and blood cultures was taken at presentation. The findings from all radiographs were recorded, whether taken at the referring rural hospital, by general practitioners or performed at the regional hospital. All children had an ultrasound examination before undergoing arthrotomy.
All patients were treated by arthrotomy to decompress and drain the joint. A synovial biopsy was routinely taken for histological exclusion of tuberculosis. Arthrotomies were carried out exclusively at the regional hospital. It was our policy that all patients suspected of hip sepsis were transferred as an emergency to the regional unit after a single dose, appropriate to body weight, of intravenous cloxacillin.
An anterior incision in the groin crease and an approach to the hip lateral to the femoral sheath were used in all cases. After washout, a corrugated drain was left in the joint for 48 hours and skin traction applied to the affected limb. A standardised antibiotic regime involved intravenous cloxacillin (200 mg/kg/24 hours) until toxicity settled as recommended by Hoffman, 2 followed by the administration of oral flucloxacillin (100 mg/kg/24 hours). A second anti-staphylococcal agent, oral erythromycin, was also given while in hospital. Children under the age of two years received a third-generation cephalosporin (intravenous cefotaxime; 100 mg/kg/24 hours) in place of oral erythromycin (30 mg/kg/24 hours) until culture and sensitivities were available. For those who had severe multi-focal disease, cloxacillin was supplemented with intravenous cefuroxime (100 mg/kg/24 hours). Continued local sepsis, especially with systemic toxicity, was managed by repeated washouts of the hip under anaesthesia. Additionally, a hip spica was applied to those with signs of subluxation of the joint and to those who developed avascular necrosis or destruction of the joint. All children had treatment with antibiotics for at least six weeks and in many of the severe cases, more prolonged courses of antibiotics were given.
The children were followed up in a dedicated clinic. They were reviewed monthly by a single clinician (TN) with clinical evaluation and radiography performed at each appointment. The minimum follow-up period was for three months. The outcome was categorised into two groups. Those who made a complete recovery with no functional, clinical or radiological problems were defined as 'uncomplicated'. Children in this group returned to their pre-sepsis level of activity, had an unrestricted range of hip movement and a normal radiological appearance at three months. Children with a 'complicated' outcome included those with joint stiffness with or without the presence of radiological chondrolysis, avascular necrosis (partial or total), coxa vara, destruction of the physis, pathological fracture of the femoral neck and chronicity of infection with the formation of sequestra. Very young children were reviewed until the upper femoral epiphysis could be seen on the radiograph.
Delay to adequate treatment was defined as the time in days between the onset of symptoms and arthrotomy. In order to determine possible factors influencing delay, we compared maternal educational attainment, distance to the local clinic, relative socio-economic deprivation within the group, initial misdiagnosis and whether a traditional healer was consulted with delayed presentation. Statistical analysis. The Mann-Whitney U test was used to assess differences in the time to arthrotomy between those who had complications and those without, between those who had been misdiagnosed and those not, between because those who had visited a traditional healer and those who had not and between those deemed to be deprived socio-economically and those who were not. Spearman's correlation coefficient was used to assess the relationship between delay and the mother's educational attainment as well as the distance to the primary healthcare facility (SPSS, version 13; SPSS Inc., Chicago, Illinois).
Results
Over the 16-month period we treated 40 septic hips in 38 children, two having bilateral sepsis. The male-to-female ratio was 3:1. There was an even spread throughout the age groups, the mean age being 7.2 years (2 weeks to 14 years). There were three cases of possible neonatal sepsis. All 35 children over the age of one month presented with a history of acute hip pain. Of the 27 who had been previously walking and were fully conscious on presentation to the regional unit, 21 were unable to bear weight. All three neonatal patients presented with pseudoparalysis. Fever (> 38˚C) was seen in 28 patients (74%) and 31 (82%) were significantly tachycardic for their age. Leucocytosis 11 was seen in 27 patients (71%). All ESRs were > 40 mm/hr and a platelet count of > 450 x 10 9 /l was seen in 16 patients (42%). A haemoglobin level below 8 g/dl was found in three (8%). Two children, aged 8 and 12 years, presented with dislocation of the septic hip. Nine (24%) had multifocal sepsis including both diffuse staphylococcal pneumonia and less aggressive cavitating pneumonia. One child, who spent two months in intensive care, had nine sites of bone and joint sepsis, including bilateral hip sepsis and also staphylococcal pneumonia.
Of the 38 children, 34 (89%) were referrals with 21 (55%) originating from the nine rural hospitals, five (13%) from general practitioners, and eight (21%) from primary health-care clinics. The remaining four (11%) presented to the Accident and Emergency of the regional hospital. A total of 29 children (76%), had initially sought medical help within five days of the onset of symptoms. Two (5%) had been admitted to a rural hospital and were being treated for other sites of sepsis when the onset of hip symptoms occurred. However, only 11 (29%) of the 38 were under orthopaedic care in the regional unit within five days (Table I) ; 32 (84%) were initially misdiagnosed or initially medically-treated with antibiotics alone (Fig. 1) . The mean delay from the first presentation to arrival at the regional unit was 13.1 days (1 to 42) for this group, compared with 2.7 days (1 to 5) for those initially correctly diagnosed and referred appropriately. Radiological signs such as a widened joint space (Fig. 2) were often ascribed to a traumatic, rather than to a septic cause. The parent or guardian of ten (26%) of the 38 children reported consultation with a traditional healer before their hospitalisation. Arthrotomy was performed as an emergency in all but four patients (11%) who had concurrent staphylococcal pneumonia requiring resuscitation for 12 to 24 hours before anaesthesia.
Bacteriological cultures revealed growth in 28 hips (70%) most with Staphylococcus aureus (Table I ). This organism was predominantly resistant to penicillin, but sensitive to cloxacillin and erythromycin. Other organisms included Escherichia coli in a neonate with a septic focus from an umbilical catheter, Serratia species (14-year-old child), Klebsiella species (five-year-old) and Streptococcus pneumoniae (one-year-old). Of the 12 hips (30%) in which culture showed no growth, nine had received antibiotics previously. Histological examination confirmed an acute inflammatory process with cocci seen in the synovial specimen of two. Haematological parameters in all 12 suggested an acute bacterial infection. Blood cultures identified the pathogen in one patient in whom there had been no growth from the intra-operative specimen.
Ultrasound was used routinely to detect subcapsular distension (Fig. 3 ). There were two false-negative scans. One of these resulted in a delay to arthrotomy of 48 hours in a child who had a synchronous ipsilateral iliopsoas collection, which was drained immediately on presentation. In general, ultrasound was a very useful adjunct to clinical assessment. In one patient with bilateral sepsis, ultrasound detected one clinically silent septic hip. Outcome. Two patients were lost to follow-up leaving 36 available for review (38 hips) at a mean follow-up of 8.1 months (3 to 18). Of the 38 hips, 13 (34%) were uncomplicated with no functional, clinical or radiological abnormality (Table I ). The other 25 hips (66%) had complicated outcomes. One child with bilateral hip sepsis died after overwhelming staphylococcal pneumonia and multiorgan failure. A total of 11 hips (29%) had avascular necrosis of the femoral head and in four (10%) of these the femoral head was entirely destroyed (Fig. 4) . The remaining seven (18%) had partial destruction. Eight hips (21%) had persisting joint stiffness and pain, four (10%) of which had radiological features of chondrolysis and one (3%) stiffness with erosion of the acetabulum. Three hips (8%) had coxa vara (Fig. 5 ) after a pathological fracture or a slipped upper femoral epiphysis or both. Four children mande an unexpected complete recovery (highlighted cases, Table I ). Three had Staphylococcus aureus infections and a greater than five-day delay to arthrotomy. All three had been on intravenous antibiotics before referral. A Four children fourth case, a five-year-old child with Klebsiella infection, eventually achieved a good result after reconstructive surgery and because of this was categorised for the purpose of analysis as 'complicated'. In this case, a femoral neck sequestrectomy and delayed allografting were performed, after which a complete recovery was seen.
Of the seven children of the whole study group (18%) who had received early courses of intravenous antibiotics within five days of the onset of symptoms and had a delay in arthrotomy greater than five days, four had complicated outcomes. As expected, significant differences in time delay to arthrotomy were found between those who had complications and those who did not (median 12 days (mean 14.9; 5 to 42) vs 3 days (mean 6; 1 to 28), p = 0.001).
Factors influencing delay. A significant difference in time delay to arthrotomy was found between those who had been misdiagnosed and those who were not (median 10 days (mean 13.6; 1 to 42) vs 3 days (mean 4.8; 1 to 18), p 0.006). There were no statistical differences in the time delay to arthrotomy either between those deemed deprived and those not deprived (median 11 days (mean 12.6; 1 to 30) vs 7 days (mean 10.5; 1 to 42), p = 0.22), or those who consulted a traditional healer and those who did not (median 10 days (mean 11; 4 to 25) vs 7 days (mean 11.5; 1 to 42), p = 0.34). No significant relationships were found between the time delay to arthrotomy and the mother's educational attainment (correlation coefficient (rho) = -0.065, p = 0.71) or the distance to the primary health-care facility (rho = 0.232, p = 0.16).
Discussion
We estimate the incidence of hip sepsis to be approximately 1:20 000 in our area, given the number of cases which we treated in the first 12 months of the study (28) and an under-15-years age group of 548 753. Although this incidence is high, it could be an under-representation since some children from our referral area may have been treated elsewhere.
As previously noted, [2] [3] [4] [5] [6] [7] [12] [13] [14] [15] [16] [17] our study has shown that the complications of infection of the hip are associated with a delay in receiving appropriate treatment. Most patients with a delay in diagnosis had a complicated outcome, but not all. Some children with a delay to arthrotomy of more than five days had a chance of full recovery if they had been on appropriate early intravenous antibiotics. Three of the seven children who received treatment with intravenous antibiotics for several days before arthrotomy had an uncomplicated outcome. Antibiotics should not be withheld for the sake of obtaining positive culture results, especially if long transfer journeys to a unit equipped to manage these patients surgically, are anticipated. While we acknowledge the need for appropriate antibiotics at an adequate dosage, we believe that urgent decompression should be undertaken for all clinically suspected cases of hip sepsis.
The method of drainage of septic joints is controversial. Aspiration of septic shoulders has been shown to be as effective as open arthrotomy. 18 It has also been advocated for children with hip sepsis presenting within four days of the onset of symptoms. 19, 20 However, in two case series of hip sepsis 3, 6 the authors state that the outcome was adversely affected by the use of repeated hip aspiration in place of arthrotomy. Although aspiration under ultrasound guidance has been proposed as a tool in the diagnosis of hip sepsis, 21 we believe that the use of aspiration carries unacceptable uncertainty, both as to the adequacy of decompression and the need for further aspiration. Arthrotomy also provides an opportunity to obtain histological specimens. Most authors agree that in a deep-seated joint such as the hip in which the sequelae of sepsis can be devastating, arthrotomy and washout are the best methods of treatment. 3, [5] [6] [7] 12, 13, 17, [22] [23] [24] [25] [26] In comparison with other studies, our results are among the worst of any reported with 66% of patients having a complicated outcome, although the final outcome in this group would necessitate long-term follow-up into adult life. 23 In a retrospective review of 186 septic hips from Cape Town 4 (neonates excluded), 14 hips developed avascular necrosis (ten complete) and six developed chondrolysis, giving an overall poor outcome of 9%, but considerably better than that of our series. A Scottish series 19 showed a complication rate of 30% and an Australian series 6 of 41%. A North American study showed a clinically unsatisfactory result of 48%. 3 A Brazilian retrospective series showed an incidence of avascular necrosis of 28% 27 and a Canadian retrospective study found damage or permanent disability in 24%.
14 It must be emphasised that our definition of a 'complicated' outcome was not used in the other reports, which variously stressed radiological and clinical assessments. Furthermore, our study was prospectively conducted over a relatively short period, with a single clinician reviewing all the patients. We feel that our results may reflect the real situation in poor countries. All the above reports agree that delay in treatment is the most significant factor affecting prognosis.
Of the factors influencing delay which were investigated only initial misdiagnosis was associated with a time delay to arthrotomy. Although numbers for this analysis are relatively small, misdiagnosis and consequent misdirected treatment are clearly important in a condition in which time is of the essence. This is one factor amenable to change 5 within our remit as clinicians. However, diagnostic problems such as fever on presentation may not invariably be present. 14, [28] [29] [30] Children may develop multiple sites of sepsis and neonates often present with a different clinical picture. 2, 6, 8, 17, 22, 31, 32 Radiograph showing total avascular necrosis of the femoral head.
